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oUKKAr.Y 

This  presents,  under  the  effects  of  a  two-dimensional  standing 
wave  acoustic  field,  a  two-dimensional  theory  for  form  modifications 
in  the  special  strengths  of  Gaussian  laser  light  bundles  or  beams. 

The  results  of  experimentation  and  theory  agree  with  each  other. 

Under  the  appropriate  ultrasonic  power,  the  strength  of  facuiae  cente 
domains  tend  toward  uniformity.  Moreover ,  the  degree  of  uniformity 
and  the  range  of  it  can  be  adjusted.  Because  of  this,  it  has  even 
more  practical  significance. 


I 


In  reference  [1],  the  author  already  proviaea  the  theory  for  c;u 
dimensional  standing  wave  acousto-optica  1  modifications  of  Gaussian 
laser  bundles  as  well  az  his  experimental  results.  However,  in  actu-.  1 
practical  applications,  there  is  a  requirement  for  two  dimensional 
modifications  of  laser  bundles  or  beams.  Because  of  this,  as  far  as 
two  dimensional  acousto-optica L  modifications  of  form  r/t  concerned, 
we  carried  out  a  theoretical  analysis.  The  help  of  compute'  assists! 
calculations  as  well  as  the  relevent  tests  that  were  used  shows ... 
clearly  that,  in  two  dimensional  situations,  if  one  obtains  a  laser 
beam  with  satisfactory  continuity,  it  is  possible  to  control  the  fora 
modification.  Still,  it  is  necessary,  as  far  as  the  relevant 
par  a  net  a  '  s  ..ire  concerned,  to  make  a  reasonable  selection.  This 
•i •' t i c  1  -  pioes  the  selection  ranges  for  these  relevent  parameters. 


1 1 


In  two  dimensional  concitions,  the  light  field  distributions  of 
ian  light,  buncues  or  beams  can  be  written  in  the  form  below 


12}  . 
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In  this  equation,  the  significance  of  the  relevent  parameters  is  as 
shown  in  Fig.l.  Among  them,  W  is  the  bundle  or  beam  waist  radius. 

W  is  the  faculae  radius  at  the  location  z'  on  the  front  surface  of  tht 
acousto-opt ical  device,  to  and  ~LlS  are,  respectively,  the  angular 
frequency  and  the  phase  of  the  light  field.  Due  to  the 
acousto-opt ical  effects,  after  the  light  beam  passes  through 
acousto-optical  devices,  the  phase  will  produce  a  change 
Because  of  this,  at  a  location  z  on  the  back  surface  of 
acousto-optical  devices,  the  light  field  should  be  written  as: 

E[x,  y,  z,  t)-E{x,  y.  t' ,  t)exp(~iA<f>)0  (2) 


On  the-  lens  L^'s  back  focal  surface,  one  then  has: 
/. 


0  Z'  Z-Z'-L 


Fie.  1  Schematic  diagram  of  intensity  modification 


I'J,  V,  0-  'Jf-E’.z,  y>  -<  t)e*p(-iK &+yo)/f)dxdy'.  , 


In  this,  k  =  2  <T  /  .  /\  is  the  light  wave  wavelength.  f  is  the 

focal  distance  of  the  lens  .  If  one  lets  what  the  acousto-optical  _ 

device  adds  be  the  two  dimensional  non-correlation  ultrasonic  field, 
then,  the  phase  change  caused  by  this  should  be:  /'  * 


(4)  ' 


'  c»<toa 


Acj.1  -  2K Ln<j  —  £TL  [dn,  sin  (o)„t  +  K^x)  +Ant  sm  'o>Mf  —  A'„j-}] 
E L[ An, sin  (u>n1±Kny)+  Jnvsin(a>vt-r£'^j/'/3  , 


□  □ 


If  the  two  dimensional  field  is  of  the  same  frequency  as  well  as 
correlative,  then,  one  has: 


—  2 K Lr, io  ~KL [ An, sin (a>,t  -1- K&)  -f  Ant  sin  (a>,/  -  K^x)'] 
■±-KL[An%  sin  (w,/e  K,y  +  <p)  4-  An^  sm{a>,l  -  J S' ,y +  <£)], 


(b) 


In  this  equation  zx  n.  and  n^,  respectively,  represent  the 

amplitude  values  fv.  changcc  in  the.-  rates  of  retraction  in  the-  x  ana  y 

directions  after  the  addition  of  the  acoustic  field.  Co-  and  c,) 

s.  ,  respectively,  represent  the  acoustic  or  sound  wave  circle 

freauencies  in  the  x  direction  and  y  direction.  K  and  K 

then,  respectively  represent  the  sound  wave  wave  vectors  in  tiic  \ 

direction  and  y  direction.  When  two  dimensional  sonic  fields  have  the 

same  frequencies  and  are  correlative,  one  has  to  =  cj  =  cO 

x  s  y 

and  K  =  K  =  K  .  at  is  the  phase  difference  between  the 
s  sx  sy  s  ” 

sonic  fields  in  the  x  direction  and  th-  y  direction. 

Take  equation  (4)  and  substitute  into  equation  (2).  In 
conjunction  with  this,  going  througn  the  operations  of  equation  (u), 
i  is  passible  to  obtain: 

rit  i)  «  ^  (|  (R'c'Tr)exp[- (ar’+j/8)/!*7*]  S  /»(t.)exp[-»TO(o>«/- 

l-i 

X  J.'htjexpi  —  in'coui-rKux)]  2  ^rr('lV^'exPt~^7,(a,«v^~ J 

r.  s— oe  '  P--" 

x  (xf+!P7)/f]dxdy  j 

-rr ir;TTa  erp{ - TT'=.  2  l(Kl'f)  +K^(n- m)]» 

X  f>]  Si  >4)esp[-iarf>-l-r.)] 

X  S  ^  Jf{rt,sJi(x\^exj){~io)i(ipJr'iy.  0  (6) 

»■=—  — 

Le  .  a  -IT-ET |/  v'T/;  ^8-Trrr/N-T/;  0.-2H7^«;  ar.u,  C,  = 

Y 

2W„„'‘_gy.  Here,  TV  5x  and  s/,  respectively,  are  the  souno 

wave  wavelengths  in  the  x  ana  y  directions.  J^(v)  is  the  tirst  type 

ich  order  Bessel  function.  Its  argument  v  (or  v  )  has  v  =  KL 

x  y  x 

4n^  (/  =  KhAn^).  Because  of  this,  equation  (b)  can  be  written 

as  : 
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(7) 


Aa,  oH  !'S 

xes:p{-  [ttJ-TC^n-wVvT]5  -  [P-rTcC^p-l)/  +J~2] ’} 
Xexp[-ia)<(m-i-n-f-p-f /)]  ;30 

As  far  as  equation  (7)  is  concerned,  after  solving  for  the  time 
average  and,  in  conjunction  with  this,  unitizing,  it  is  possible  to 
obtain 


Ha,  £)  «  (l/VR-rJ T’KKa,  A  0> 

=  2l!  ^  2^  '7jn(i«)7'n(^)7'^(tvVr(tv) 

»#.  *.  j  i 

x  exp{  —  [a  —  rrC«(n  — m)/ v^]3—  ijS  +  5rO,(p  —  O/v^"]3}  6  ( '6  ) 

★ 

(  H ere,  the  various  subscripts  selected — m,n,p,  and  1 — all  are 
selected  with  values  that  run  from  - ca  to  oo  .  The  same  is  tru- 
DO low . ) 

If  the  sound  fields  that  arc  added  in  the  x  and  y  directions  have  liu 
same  frequencies  and  the  situation  is  such  that  they  have  equal 
power- s,  that  is,  W  =  _/V  =  _/l L  ,  v  =  v  =  v,  as  well  as 

O  A  O  /  A  V 

C  =  C  -  C,  then,  equation  (o)  can  be  simplified  to  be: 

^  j 


/(«,  «-2222^(»)W(«) 

"  ■  *  '  (  u 

xeip{- [a  +  .TG(n  -  to)/v^2]3- 0S  +  ^G(J- pj/v^]3}. 

This  is  a  situation  in  which  acousto-optical  modification  is  often 
used.  If  v  =0,  that  is,  in  a  one  dimensional  sound  field 

y 

situation,  equation  (8)  easily  becomes  a  formula  expressing  the  one 
d i mo  ns  ion  - 1  mod ifiention: 


!(<*,  &) -«p(-^)2  2^i(^.)^;(t>.)exp{-  [«lJtC,(n-m)/vr2]3}(1  (  .0) 
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If  v  =  0  and  v,  =  0,  that  is,  a  situation  in  which  sound  fields 

u  ^ 

are  not  added,  from  equation  (8),  it  is  possible  to  obtain  the  no’Uiul 
Gaussian  laser  light  bundle  or  beam  spacial  strength  distribution: 

i(a,  /S)-exp[— (aa  +  /Sa)]0  (li) 


If  onc  is  dealing  with  a  two  dimensional  correlation  field, 
carryinj  out  the  same  type  of  operations,  it  is  still  possible  to 
obtain  equation  (8).  This  explains  the  fact  that  the  strength 
distributions  on  the  focal  surface  behing  and  the  phase 
difference  between  two  dimensional  sound  fields  are  not  related. 

At  the  same  tine,  take  equation  (8)  and,  by  comparing  it  to  a  oo<. 
dimensional  situation,  it  is  possible  to  know  that  it  is  only 
necessary  to  select  app--oyriate  values  for  the  parameters  v  and  C  ana 
it  is  then  possible  to  realize  the  simultaneous  modification  ot 
Gaussian  light  beams  or  bundles  in  the  two  directions  —  x  a  nr.  y . 


1 1 1 


In  order  to  quantitatively  describe  the  results  of  mod i f  i  ;  a  t ions 

introduce  t>  "modification  factor".  From  equation  (li),  it  is  possibo 

to  know  that  l(a  =  0,^2=0)  =  1,  l(a  =  0,£=l)  =  I(a  =  1 ,  P  -  0 )  =  0.37.  n 

this  way,  we  c.:. n  select  light  strength  change  situations  in  which  /-'  = 

1  positions  ( or  a  =  1  positions  in  conjunction  with  respectively 

taking  f-  or  a  to  represent  it)  to  act  as  measures  of  the 
-  i  o  o 

effects  of  modifications.  As  is  shown  in  Fig. 2,  it  is  possible  to 
define  the  modification  factor  to  be: 


G(v,  c)  -  (7(0,  0,  v,  o) -/(a,,  0,  v,  <?)]// (0,  0,  v,  e ) 
-[/( 0,  0,  v,  e)  —1  (0,  ,8o,  v,  c)]/I (0,  0,  v,  c)c 


■:  12) 
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This  definition  is  aimed  toward  the  equation  (9)  situation,  that  is, 

it  deals  with  the  situation  where  two  dimensional  sound  fields  use  one 

(  3 ) 

signal  source  as  drive  or  motive  force  .  This  is  also  the 
practical  situation  with  two  dimensional  acousto-optical 
mod i f i ca t ions .  Because  of  this,  it  has  even  more  practical 
significance.  From  F ig . 2  one  can  see  that,  the  smaller  the  G  value 
is,  within  the  same  spacial  range  (delimited  by  -a  or  f2)  ),  the 
more  the  light  strength  distribution  tends  to  be  rendered  uniform. 
Moreover,  it  is  possible  to  maintain  a  fixed  relative  strength.  Fig.'s 
3  and  4,  respectively,  give  one  the  relationship  curves  G(v,c)-v,c  for 
the  or  v  parameters.  These  are  calculated  on  the  basis  of  equation 
(9).  One  can  see  that,  when  the  v  value  is  fixed,  there  is  a 
requirement  for  e  to  be  selected  within  a  fixed  range,  and  it  is  just 
when  this  is  done  that  it  is  possible  to  obtain  satisfactory 
modification  results.  Fo**  example,  when  v  =  1.5  (  corresponding  to  a 
moderate  pow_-'  mode),  with  the  point  for  the  optimum  selection  fc  the 
c  valu-  i n  t  h .  vicinity  of  0.55.  At  the  same  time,  it  is  sti L 


Fig.  2  Factor  of  the  n.odif.cation 


Fig.  3  Curve  ol  Cdv,  o »./  — t 


possible  to  see  that,  after  v  >  1.5,  the  selecteu  value  of  c's 
influence  on  moo  i  t  i  cation  becomes  unclear.  Of  course,  c  values  still 
are  bourr  by  the  original  limitations,  that  is,  c  is  not  able-  to  b_ 
sel acted  as  an  excessively  large  value.  It  this  is  not  the  case,  the 
rvousto- Oi  ties  1  diffraction  presents  dispersion  spectra  and  the 
mod  if  i  cat  ion  loses  its  significance^^.  It  also  cannot  be  too 
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ST:  1  1  !  . 


If  it  is  to  i  small,  then 


the  O . ;  t  1  C a 1 


:ilt 


ite;: 


i  t 


Fie  4  Curve  of  G(t’o,  c)~c 


F;  ; .  f>  -  1  j  .'las:-  ioal  nunu'  icul  presentation  ot  ■<  mod  i  t  ;.  /at i 

In  it,  5  (  a  1  i  s  tv-  1  i  h  t  sL-o-  ir-th  distribution  when  v  =  0. 

0"vio  :  *1  y  ,  1 is  a  st-  iotly  Gauss  i.»n  f  o-*nr. .  Tit"  other  re  leveni 

waTeoo  a  ]  1  dppr  >•>•'  i  .  L  ..  values,  that  is,  .j\_  =  \  . 

*  i'j  X  *  O  . 

—  :  _  ^  >  . .  >.  —  o'')*.'  ■!. .  In  c  inju'n't  i  o  n  with  this  one.  CK,e  to  it,  w  i. 

ha.;  s  =  L  =  t  =  0 . 4  .5 .  t  i  ,  .  5  ( ij )  is  the  inoc  i  f  i  c  a  t  i  on  Situation 

ro  ■  m.  spans  '  n  ,  to  wiie.i  v  -  1  .  0  .  it  is  not  o  if  t  icu  1 1  to  See  L  h  .•  t  tn 
l  i  j'.'.  :-o  'O  J.ns  [  the  vicinity  of  its  center  domain  on  ali'u 
a  lesr  ly  ten  :  :  n  town’s  hor  •jen  i  if  i  on  .  If  one  increases  acoust  1 
g-.:w  •-  a  i  u.:.  c  ,  for  example,  s  c.i  cot  i  Vj  v  =  2 .  r> ,  th.it  i  s  ,  a  )•• 

the  si;  u  L  i  ■  n  c  >r>-.  ~>p.,n  :s  to  'rij.S(c),  then ,  it.  is  pos  sib!  t  1 

discos  ■  t.n  •  t.  ,  -ill  h  o!  t  h<  cento-'  domain  is  clearly  homo gen  i  /•_  .  ,  Ln 

men  >_•••-  ■  i.;nl  st'',-noth,  howeve-  ,  still  experiences  a  relatively  in:'.,e 

.]  •  ay .  hei.-nuse  o'  this,  this  type  of  modification  is  a  1  so  oitticuil  t 
mate  practical  use  of.  If  one  makes  use  of  a  modification  facto- 
uCi  liji  l  i‘.n  ;  t  i  a  *  is,  s  a  1  c ...  _  i  ti.m  on  the  basis  ot  equa  t  ion  (  Lei  ,  t  in  n  , 
the  G  w.iu  •  co-' •  espon.i  i  i.‘j  t  o  L  three  types  of  situations  oescr  ibeu 
a  no  Vo  a 1 '  e  ,  r  i  -  s  pe  c  t  i  vv  1  y  •  G  (  0  ,  c  )  —  0.63,  0(1.3/  c)  —  0  •  1 6  ,  a  no  o(e.o,c) 
=  0.22,  or,  the  G  values  using  Gaussian  light  beams  or  bundles  a-’o 
unitized,  that  is,  one  selects  g  =  G(v  ,c  )/G(  0  ,c )  .  The  three  type  4  o! 
situations  d .  so'  ibed  above  are,  then,  respectively,  ones  with  j  = 

ci 

1.00,  o  =  0.29,  and  q  =  0.j3.  It  is  possible  to  see  that the 
J  t)  3  c 

second  situation,  speaking  in  terms  of  moo i f i cat  ion ,  is  very 

In  order  to  compare,  we  also  calulated  out  anc,  stm.-w  <'ul 
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pV:  f  G-ussisc  intensity  distribution  i  r  fa  fa  i  fa  *****  5 


^  '-  -•  ■'*’»  . i"i‘  '*  S  .'  i  <  •  l  of  St  t.  >.4  1.  i  Or.  t  t. .'  i  •  i  t  a'  f ,  .  'a  ‘l  j’h.  [aiI'i"'  .  I 

-.i  S  J  •'  .  -I  i.  V  <_•  1  y  i  Val'uv  ,  Lin,  t_'  j*  ’’ v.  '  v,i  )IV.:  ill  , 

■ :  i  *  t  i  o - .  .r  C  >•-'  I  i-jGt.  s  Lr-.-n^  th.s  (  r  i  j  .  t>  )  .  m<_  •  ,  in  .'  ^  i  .  i  • 

s >  i.  i  \»  v  =  1  .  v  •  rloA*v_  vo  /■  v,  =  »j  ,  v  5*r. Ti  •  h>.* >  1  t  n  i  s  f  c  ~  i  •  0*4  . 

To.  t  .  l.h  .•  f .  1  ; ;  :>■!  .1  ’  r.  ■  !  :  .•  has  2'..  ,  ,  .  =  U.j“:;v  , 

s  ( ii  n  c  1  1  >■ } 

!  >ws  t 1 1  i  i.  the  s :>.•«  ?  i  i  1  hr1  ■  j-  n  :  /.  i  L  i  on  >r  hicii  1  i  stren  jths  bt  j  i  : 

'  !.■  i  i;  ...  t .  This  sit  lit  ion  /an  be  cl  o  i  ••  1  y  Sevr,  L  r  ■  >.i.  r  i  ,  .  b  . 

In  oviltji  to  ill ..-  <'i  :'j  U e  til  S  i  of  Unit  O:'  T.  1  ciLUi.ie  doff  t  i  ns  {  o 
oitfer'ent  •■.’  v  i  i  l.  i  ,  we  c-i'i  Get  i  nt.  the  com  viio.-ato  v  a  i  Uo  (of  .)  , 

r  h-  ]/>  pos  i  j  i  -  >  n  wh-.  Liu.  t  ■  o 1 1'  e  ■  ;  L  i  oi  i  (of  .»  on>;Clion)  1  i  'j  •*.  t 

Sts  n  ]tn  is  to  the  Center  ( ^  =  U  of  -  l; )  stt  eojtn  .s  Li 

un  i  to-'  n  t'O-ii  'O  ;  uis  rv .  Lin>  ;«_**•  unis  u  ■  L  x  n  1 1_  i  >-i  ,  L  he  1  .it  u  i  ,<_•  ;  -a  ;  , 

£  r  t  h  v  a'*  i  nos  «;  i  tu.it  ions  cal  ciilutod  f  f  rn  o  j  u  at  ion  (  y  )  in  h  i  ■  j  .  b 

jj-.-ct  i  v’cl  y  ,  1,  2 . 4  in  .!  s .  B  .  -\s  f  a-'  or.  d  i  f  f  cf  cut  v.ilu.s  .>!  v  <■ 

concc  neG  ,  they  h ■ .  c  ii!.it.'  ■  n  t  K  .  Mof  eover  ,  uno*. f  .'ono  1 1-  >n  •> 

sat  isf  /  inn  i.  o-  >'■  •■.••ii  r,  t  I.  h  it  th'  I  .-icu  l.n.  >•  o.j  l  ;  ’OJiri!  <■  :  i  >■>  !>■ 


Fig.  6  Gaiissiao  intensity  distribution  for  (c  — 1.34);  u  — 1.5 


smaller  than  the  acoustic  wave  length ,  the  1  a.ryet*  the  v  v^luc  •  s  ,  v: 

large'"  thi.  uniio-'lii  t  a  C  U  l  a  v  faCllUS  i\  d  I  s  o  IS*  tlOWtrVfV  ,  II  I  e  r  i . .  _eS\ 

to  point  oat  that  k  is  not,  as  one  might  expect,  better  trie  i  a*-  g-.  .- 

IS*  rh  L~  e  U  S  ■  J 1 1  to ''  t  f"l  i  S  is  t  ha  t  cl  L  tel'  k  IGdC  KS  a  Cc!"  tu  III  1 1  'I.  i  it 
is,  v  reaches  a  eftiin  level),  the  G  value  will  become  l  if  je  . 
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appliciti  id  to  mo.  i  i  f  i  c  a  Lion  requires  using  o  v  "» ’  a  mi  n  i  :r..*m  *  •• 

s  tan-car  o  .  '•lorcove--  ,  it  is  not  possible  to  take  m  st.JNt  if  r  t:. 
values  to  me.-isu-'  •  the  siz<  of  the-  f  iculao  areas  of  uni  t  <v  i  it,  . 

The  a  bovo  calculations  and  analysis  are  all  ass  is  to  v.  if.  :  . 

completion  by  computers  *  During  calculations ,  the  ranges  e  :  ■■  .  ;  . 

of  ehm  Values  for  the  subscripts  ,t,  ,  n,  p,  arm  1  in  equation  \hj 
a  1 1  -10  --  10.  because  of  the  fact  that  boSSe  i  functions,  whe  t  . 
arguments  a  re  v  <  2.4,  have'  J  <  <  J  ,  it  Hollows  us  a  const-  p.e-n 
th.it  the  results  of  our  calculations  a  no  the  i  r  analysis  have-  a  ■.vT.i 
precision.  Besides  this,  speaking  f  r  or.,  theory  ,  after  m  > ::  i  t  i  c  1 1  : 
the  a  no  It-  of  0  ive-"  Hence  of  the  1  ioht  beams  o-  burn,  it-s  will  :>■.  ;r.  ate 


than  the  angle  of  divergence  of  the  original  Gaussian  light  beams.  If 
one  defines  the  light  beam  divergence  angle  on  the  basis  of  the  1/e 
location  where  the  light  strength  drops  to  the  center  s'-ength,  then, 
the  divergence  angle  corresponding  to  Fig. 5  is  2.1  times  the  faculae 
angle  of  ropagation  in  Fig.5{a). 

If  the  frequency  of  the  sonic  field  used  is  dropped  down  quite 
low,  then,  after  modification,  the  angle  of  divergence  of  the  light 
beams  will  be  reauced  as  compared  to  the  divergence  angle  when  the 
frequency  is  10MHz.  In  this  way,  after  modification,  it  is  still 
possible  to  maintain  a  certain  light  energy  density. 


IV 

Thi  acousto-optic  .1  modulate-  structure  used  in  Uo  dimensional 
m  >d  i.  f  i  cat  i  on  *  s  as  shown  in  Fig./.  This  is  a  type  of  the  so-called 
1  he  •seeling  e  lectrod  met  ho  i .  It  i  also  possible  to  make  use  of 
photoei eel  ‘  ic  c-ystels  (for  example,  niobiate  of  lithium  and  other 
similar  substances )  tiv  acoustic  resonance  effects  of  which  ^  ^  f  o-  n. 
two  linens i ional  sound  fields.  The  experimental  apparatus  and  the  on. 
ui  nensional.  situation  are,  on  the  whole,  the  same  ^  .  1 1  is  only 
the  form  of  power  for  the  signal  source  that  is  changed  into  two 
paths.  Du«-  to  the  fact  that  the  electrode  structure,  the  pow- -  cutout 
feeder  1  i  n<=s ,  and  ot'-u’'  similar  factors  are  all  the  same,  it  follow;, 
then,  that  it  is  possible  to  obtain,  in  the  two  directions  x  a  no  g  , 

oltrasoni.  •  f  i  •  1  d  with  the  sane  strengths,  that  is,  having  v  .  =  \  . 

*  1 

=  ; . 

Fig. 8  is  a  scnemaLic  diagram  of  the  experiments.  The-  signal 
frequency  was  1 0”Hz .  The  amount  of  power  was  shandat.  izod  by  the 
output  v o 1 ’  ige  value  ( u &C  v)  of  the  signal  source.  Mod ’ f i ca t ion 
results  we-o  read  out  through  a  scanning  photoelectric  multiplier  tub.- 
tied  into  an  X-Y  recording  instrument.  Ihe  diameter  of  the  sampling 
a  per  t  ••>■'  of  the  multiple-  tube  was  (p>  0.2mm.  Several  classical 
measurement  results  are  shown  in  Fig.'s  10-12.  When  the  acoustic 
field  is  not  added  ( v  =  0),  the  Gaussian  faculae  or  light  spot-  a  no 
their  strength  profiles  are  given  in  Fig.  9.  Fig.  10  is  the  light  s.jol 


10 


(v  =  1550m/s).  The  piez ioelectr ic  body  was  quartz  crystal.  The 
base  frequency  was  435.5  kHz.  The  second  octave  or  multiple  frequency 
was  B71  kHz.  Still  on  the  basis  of  the  equipment  set  up  in  Fig.B,  but 
taking  out  the  lens  ,  and,  in  conjunction  with  this,  changing  to 
the  use  of  1 . m  laser  devices,  the  output  power  is  5L)mW.  The  laser 
bundle  or  beam  directly  radiates  into  the  modulator.  Because  of  this, 
laser  beams  or  bundles  actually  have  light  spot  diameters  of  2W  lmm. 
Taking  the  871kHz  ultrasonic  as  an  example,  the  results  of 
measurements  were  ,_/V  =  1.78mm,  c  zy0.56,  satisfying  the 

modification  requirement.  When  the  acoustic  power  (situation  without 
matching)  is  ■''V'2.5K,  it  is  possible  to  obtain  relatively  satisfactory 
modifications.  At  this  time,  the  results  of  actual  measurements  of 
dive- gance  angles  is  1 . 47 ‘  .  This  is  1.4  times  the  divergence  angle  (ft? 

1.07’)  for  the  in-radiating  laser  light  bundle  or  beam  (that  is,  v 
=0).  Tnis  value  and  the  theoretical  value  (1.6  fold)  compare  to  each 
other  as  roughly  the  same.  The  exterior  shape  of  the  light  spots  ana 
the  light  strength  distribution  curves  are  roughly  the  sam.  as  tig.tu. 


V. 


The  conclusion  is  that  it  is  only  necessary  for  light  spot 
dime  ns  i  oos  to  b.„  smaller  than  the  ultrasonic  wavelength,  the  Gaussian 
strength  distribution  of  focused  laser  light  bundles  o-  Deans  be  able, 
under  th  _•  effects  of  two  dimensional  ultrasonic  standing  waves,  to 
form  two  dimensional  strength  profile  adjustable  light  spots,  and,  in 
addition,  be  within  a  definite  range  of  parameters,  and  have  moderate 
sonic  powers,  and,  at  such  a  time,  the  strength  distributions  of  lignt 

spot  central  areas  are  able  to  tend  toward  uniformity.  The  degree  of 

uniformity  and  its  range  are  capable  of  going  through  adjustments  ana 

continuous  changes  in  acoustic  power.  This  is  the  important  point  at 

which  this  method  is  better  than  other  methods  of  modification 
(4  5  I 

.  Because  of  this,  it  is  unusually  suitable  for  use  in 
circumstances  where  light  spot  profiles  are  adjustable,  tor  example, 
it  will  achieve  widespread  applications  in  the  fields  of  lasers  for 
medical  use  and  laser  heat  treatment. 


The  important  disadvantage  with  this  type  of  method  is  that,  du 
to  the  fact  that  the  strength  fluctuations  J  of  the  light  spots 
are  two  fold  around  the  ultrasonic  frequency  (which  is  20MHz),  it 
follows  that  it  is  not  suitable  for  use  with  short  pulse  lasers. 

This  work  has  benefited  in  its  execution  from  fruitful 
discussions  with  Professor  Sheng  Qiuqin.  Comrade  Chen  Ping  also 
provided  earnest  assistance.  We  express  our  thanks  to  both  of  them. 
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